Background Benign breast disease (BBD) increases the risk of breast cancer, but details of the relationship would benefit from further study in the UK.
Introduction
Benign breast disease (BBD) is common and well recognized to be a risk factor for subsequent breast cancer. 1 -3 Important questions remain, however, about a number of aspects of the relationship in the UK.
The incidence of breast cancer varies substantially geographically. 4 For example, the age-standardized incidence per 100 000 women has varied from 25 in Beijing to 46 in Grenada in Spain, 85 in the Oxford region of England and 104 in non-Hispanic whites in Los Angeles. 4 Behavioural and environmental risk factors for breast cancer vary geographically; and it is possible that the contribution of BBD to risk varies between populations too. 5 The great majority of published studies on BBD and breast cancer risk have been undertaken in the USA.
2, 6 -8 The risk in English populations is less well-documented.
The possibility that the risk within a population may have changed over calendar time is also not well-documented.
The duration of increased risk of cancer after a finding of BBD is uncertain, 2, 6, 7 as is whether the risk of breast cancer varies much according to women's age at diagnosis of BBD. 6, 7, 9, 10 The increase in the identification of BBD in the past two decades in England as a result of the increased use of mammography (especially in screening) is a further reason why it is important to have breast cancer risk estimates in women diagnosed with BBD in England.
For these reasons, we have undertaken two record linkage studies to determine the risk of breast cancer after a diagnosis of BBD in English populations, over both short and long periods of follow-up, and comparing different time periods in which BBD was diagnosed. We used the long-standing Oxford record linkage study (ORLS) 11 and a more recent English national linked Hospital Episode Statistics (HES) data set.
Methods

Population and data
The ORLS includes brief statistical abstracts of records of all hospital admissions and day cases in National Health Service (NHS) hospitals, and all deaths regardless of where they occurred, in defined populations within the former Oxford NHS Region from 1963 to 1999. The ORLS continued from 1999, but the data before and after 1999 cannot be linked across the time periods. The original ORLS data from 1963 were collected routinely in the NHS as the region's hospital statistics system and were similar to English national HES data. Information about deaths derives from death certificates. The data for successive admissions and the death data for each person were linked together as they accrued. The English national linked HES file, similar in structure and content to the ORLS, spanned 1 April 1998 -31 March 2005.
Using the ORLS, a cohort of patients with a diagnosis of BBD was constructed by identifying the first admission, or episode of day case care, in the study period. The study was confined to women aged 18 and over. BBD was defined as a hospital admission with the following International Classification of Disease (ICD) codes: ICD-7, 213 and 620; ICD-8, 217.0 and 610; ICD-9, 217 and 610; and ICD-10, D24 and N60. These codes encompass benign mammary dysplasia, fibroadenoma and a wide range of other less common benign conditions. Unfortunately, the ICD codes used in the data sets provide only site and not histology. A cohort for comparison, which we termed the 'reference cohort', was constructed by identifying the first admission for each individual with various medical and surgical conditions (see table footnotes). We followed the standard epidemiological practice, when hospital controls are used, of selecting a diverse range of conditions, rather than relying on a narrow range (in case, the latter are themselves atypical in their risk of subsequent breast cancer). This 'reference' group of conditions has been used in other studies of associations between non-malignant diseases and subsequent cancer, 11 -13 and we have checked that individual conditions within the group do not give atypically high or low rates of cancer. We then searched the data set for any subsequent record of breast cancer in the Oxford data set. We considered that rates of breast cancer in the reference cohort would approximate those of healthy people in the general population of the region while allowing for migration into and out of it (data on migration of individuals were not available). We also analysed the ORLS data grouped into the time periods 1963 -78, 1979 -88 and from 1989. We did so to study any trends over time. The pre-and post-1989 periods define the periods before and after the introduction of the breast cancer screening programme. We split the pre-1989 era into two periods-1979 -88 as a 10-year period immediately before screening (i.e. of similar length to the period after screening) and 1963 -78 as the remainder.
The same methods and selection criteria were used to construct cohorts using the English national data. However, although the fact and date of death were available in this data set, the cause of death was not. Accordingly, the 'follow-up' for breast cancer was confined to the identification of hospital admissions for breast cancer.
Statistical methods
We calculated rates of breast cancer based on person-years at risk. We took 'date of entry' into each cohort as the date of first admission or day case care for BBD, or reference condition, and 'date of exit' as the date of first record of breast cancer, death or the end of the data file (31 March 1999 for the ORLS, 31 March 2005 for England), whichever was the earliest. In comparing the BBD cohort with the reference cohort, we first calculated rates for breast cancer, standardized using strata as described below, taking the combined BBD and reference cohorts as the standard population. We applied the stratum-specific rates in the combined cohort to the number of people in each stratum in the BBD cohort, separately, and then to those in the reference cohort. We calculated the ratio of the standardized rate of occurrence in the breast cancer cohort relative to that in the reference cohort. The confidence interval for the rate ratio (RR) and x 2 statistics for its significance were calculated as described elsewhere. 14 We standardized the calculation of the rates by strata of age (in 5-year age groups), calendar year of first recorded admission (in single years), either district of residence (ORLS) or region of residence (England), and patients' deprivation score (England) grouped into quintiles based on their ward-of-residence score for the index of multiple deprivation (IMD). We used the IMD because it is provided in the English linked data set (but individual social class data are not). It is not available in the ORLS.
In comparing the BBD and reference cohorts, the precision of the RR depends on the number of people with each subsequent disease within each cohort. The size of the BBD cohort is fixed by the number in the data set with BBD.
In the reference cohort, we included all the people in the data set in each stratum with the comparison conditions. We did this to maximize the numbers in each stratum in the reference cohort in order to maximize the statistical power of the study.
Results
Numbers and ages of subjects
There were 20 976 women with BBD in the ORLS cohort and 89 268 women with BBD in the English national cohort ( Table 1 ). The mean ages at entry into the ORLS and English national BBD cohorts were 40.1 and 43.9 years, respectively. Of each total, 16.4% of the women in the ORLS cohort and 32.3% in the English national cohort were aged 50 years and over at the time of BBD diagnosis. The difference may reflect the influence of the national breast cancer screening programme, targeted at women aged 50 and over, in the period covering the English cohort. The mean period of follow-up was 10.7 years for the ORLS patients and 3.3 years nationally.
All ages and calendar time periods
Oxford record linkage study Overall, there was a significantly high risk of breast cancer after BBD compared with the reference cohort, with a RR of 2.3 (95% CI: 2.2 -2.5, Table 2 ). The RR for breast cancer within the first month of an admission for BBD was particularly high (18.4, 13.9 -24.5). The RR was 4.4 (3.4 -5.7) between 1 month and the end of the first year. It remained significantly high thereafter, throughout the study period, although it declined to 1.5 (1.2 -2.0) at 20 years and more after BBD diagnosis. Table 3 shows that there was an overall increase in the risk of breast cancer among women with BBD, relative to that in the reference cohort, during the period 1963 to 1978 (RR 2.2, 2.0 -2.4). Corresponding RRs for the periods 1979 -88 and 1989 -99 were 2.1 (1.9 -2.4) and 3.9 (3.2 -4.7), respectively. The risk of breast cancer was significantly higher for women diagnosed with BBD after the introduction of routine screening, during 1988, than before it. The difference was only found for breast cancer diagnosed within the first year after BBD; excluding the first year, the risks before and after screening were very similar (Table 3) . 
BBD AND SUBSEQUENT BREAST CANCER
English record linkage study There was a significantly high RR for breast cancer in women with BBD relative to rates in the reference cohort (RR 3.2, 3.0 -3.3, Table 4 ). The RR was particularly high in the first month and first year after BBD diagnosis (7.7, 6.8 -8.7 and 4.5, 4.1 -4.9, respectively) but an elevated RR was maintained over the full period of follow-up.
Individual age groups
In the Oxford data, the significant elevation of risk of cancer following BBD diagnosis compared with the reference cohort was found in each age group. Its magnitude generally increased with increasing age (Table S1 ). The RR was 2.2 (2.0 -2.4) in women aged 18 -49 years and it rose to 4.2 (2.9 -5.9) in women aged 70 and over. The RR in the first month after discharge with BBD was particularly high in women under 50 years of age (54.2, 7.8 -118.0, based on 71 observed cases). Within each time interval from BBD to breast cancer, the risk of breast cancer reduced with increasing calendar time from BBD, but it nonetheless generally remained significantly high (Table S1) . A broadly similar pattern of risk to that seen in the ORLS data was found in the English data in each age group up to 6 years of follow-up (Table S2) , although the increase in RRs with increasing age was less apparent than that in the ORLS. An approximate calculation of absolute risk can be made using the English data in Table S2 . Assuming no sizeable migration out of England, the percentage of women who, following an admission for BBD, had a subsequent admission for breast cancer within 7 years was 1.14% (691 of 60 468) for women aged 18 -49, 3.28% (564 of 17 176) aged 50 -59, 3.82% (279 of 7306) aged 60 -69, 4.93% (213 of 4318) aged 70 and over, and 1.96% overall (1747 of 89 268). This increased gradient with increasing age no doubt reflects the increase in the absolute risk of breast cancer with age in the population as a whole. 
Discussion Main findings of this study
There was a 2 -3-fold elevation of the risk of breast cancer following hospital care for BBD relative to that in the reference cohort. Elevated risk persisted for at least 20 years after the initial admission for BBD, although the magnitude of the increase in risk steadily declined with the passage of time. A diagnosis of BBD must be regarded as marking a long-term and persistent increase in breast cancer risk. We found, in both data sets, that the RRs for breast cancer increased with increasing age at diagnosis of BBD, although the effect in the English national data was small.
The RR for breast cancer following BBD, compared with the reference cohort, was higher after admission for BBD in the period after the introduction of breast cancer screening than in the period before. The difference was only found in the first year after BBD. After the first year, the RRs were very similar in the periods before and after screening.
Our RRs for the first year after admission for BBD, especially the figures for the first month, are strikingly high, although the numbers of cases on which they are based are small (an average of 3 cases per year in the 36 years of the Oxford study and 43 per year in the whole of England).
What is already known on this topic
Our findings of an elevated RR persisting for at least 20 years after BBD diagnosis are in line with those of most other publications. 6,9,15 -17 However, most large studies of the relationship between BBD and breast cancer have been done in the USA.
What this study adds
We show that findings in the UK, based on two very large data sets, do indeed lead to similar conclusions to the American studies about the level and long-term persistence of risk. Other large studies have generally excluded cancers occurring soon after a diagnosis of BBD (usually within the first 6 months) presumably on the assumption that many of them must represent misdiagnosis or misrecording of the original lesion as benign.
2, 6, 7, 18 There are a number of possible explanations for the early cluster of breast cancer cases. First, the coded BBD diagnosis might have been a miscode but the patient knew of the cancer diagnosis when she left hospital after the BBD episode. Second, the patient might have been discharged too soon for a diagnosis to be available; the hospital record or coding staff assumed the lesion was benign; but the woman was then correctly told of the cancer diagnosis. Third, misdiagnosis might have occurred, the patient being reassured initially but wrongly so. Finally, there might have been a rapid change from a benign to a malignant lesion; but this seems highly unlikely, given the very short intervals.
We cannot go back to original medical records to seek further information about the circumstances of the cases at short intervals because of privacy regulations. However, it is important to know the reasons for the high RRs at shorttime intervals if only to provide reassurance that they did not represent misdiagnosis and false reassurance, if that is the case, in the context of any medico-legal challenge. Short-interval cases deserve further study in a research environment where privacy regulations do not preclude access to case notes, clinicians and patients.
Our data on risks in different calendar time periods of BBD diagnosis (Table 3) are, as far as we know, novel. The principal finding is that there has been no major change over time in risk. However, within this overall finding, we note the increase in risk, confined to the first year after BBD, in the period following the introduction of the breast cancer screening programme. This finding is likely to reflect, in some way, both the increasing frequency of breast biopsy consequent on mammographic screening and changing approaches to methods of undertaking biopsy in recent years. Most biopsies are now undertaken in the outpatient setting rather than as a day case or inpatient. Patients in the latter two categories are thus likely to be those in whom outpatient biopsy has been unsuccessful or uninformative and may thus be atypical of the group as a whole. However, an implication for public health is that, by identifying women with BBD through screening, some women are identified who, though reassured that they do not have cancer at the time of screening, nonetheless do have a longterm higher-than-average risk of breast cancer.
Our finding that the RRs for breast cancer increased with increasing age at diagnosis contrasts with the results reported in an important paper from the USA 6 that showed somewhat higher RRs for breast cancer following a diagnosis of BBD in younger women. In the US study, women aged 30 -39 years had a RR of 1.85 (1.45 -2.34), whereas in those aged 70 or more the corresponding figure was 1.40 (1.08 -1.78). Other studies have produced variable results in this respect: some found an increase in RRs with age 10, 16, 18 and others a decrease. 7, 9, 17, 19, 20 Of necessity, we included all types of BBD in our cohorts, whereas some other studies have focussed on benign mammary dysplasia. Fibroadenoma, for example, an important type of BBD, makes up a larger proportion of such disease in younger women than in older women. 7, 16, 21 Since most studies have found fibroadenoma to be associated with a lesser increase in risk than benign mammary dysplasia, 3, 18, 21 our RRs in younger women may have been diluted to some extent by the inclusion of this and other lower risk conditions. It is worth noting that the first large multiethnic cohort study of BBD and breast cancer in the USA 20 has shown a similar prevalence of the major histological subtypes of BBD in African-American to that in other American women and that the breast cancer risks associated with the different subtypes were also similar comparing ethnic groups.
Limitations of this study
An important limitation is the absence of clinical and histological information about the different types of BBD. This is partly a consequence of the inadequacy of the ICD coding system for BBD, used in HES, which needs to be improved. Most other studies of BBD and breast cancer reported in recent years have had histological information available and important differences have been found in the subsequent risk of breast cancer according to the nature of the benign pathology; in particular, the presence of proliferative disease with atypia has been associated with high cancer risk. 2, 6, 8, 19, 21 Unfortunately, as noted above, we could not seek further data such as histology from original case notes because of privacy regulations. There are also complexities of practice in pathology and screening that probably could not be resolved even with access to case notes. These include variation over time in case definition for pathologically defined breast disease, variation between pathologists in their use of diagnostic criteria, the fact that some cancers deemed to be malignant may not progress to invasive disease and ascertainment biases associated with the introduction of screening. We cannot address these issues. However, the study provides a perspective on health care received by the women themselves: for example, the English data show that 2% of women given a diagnosis of BBD are readmitted, with a diagnosis of breast cancer, within 7 years; and it shows that admission for breast cancer is two to three times more common for such women than that for women without a previous hospital admission for BBD.
Other limitations of record linkage studies using routinely collected administrative data, such as ours are well known, and include the facts that the data are limited to hospitalized patients (day cases are nonetheless included) and that information about some variables of potential interest, such as family history, 2,6,7,15 individual social class and ethnicity are generally unavailable. As noted above, the risk of breast cancer after BBD was not related to ethnicity in a large multi-ethnic study in the USA. 20 The similarities between our study and others, in respect of the size and duration of risk found, suggest that unmeasured confounding and bias-e.g. by ethnicity or social class, variation in the use of diagnostic criteria or the interpretation of histopathologyare unlikely to have had major effects on our findings.
Migration of subjects into and out of the area covered by Oxford record linkage prevents the calculation of absolute event rates or events per woman-years at risk. However, migration is likely to be small, over a fairly short period of time covered by English national linked data, and we show estimates of absolute risk.
A strength of using the Oxford and England linked data sets is that they cover two very large populations of women with BBD. The ORLS data provide long duration of follow-up; the English data provide a much larger and more recent population but with much shorter follow-up. The two data sets are independent of each other and it is reassuring that they give very similar results to one another and to other published studies.
An important methodological point is that we demonstrate clearly that the linkage of routinely collected administrative hospital data can identify known associations between two clinical conditions-in this case, BBD and breast cancer-at a level of risk that accords with the literature from resource-intensive, patient-based, long-term clinical follow-up. It would be very daunting to undertake a prospective cohort study, using personal tracking of individual patients, on the scale of our study over a 20þ-year period of follow-up.
In conclusion, our data confirm that BBD is an important risk factor for breast cancer in England which persists for at least 20 years after BBD diagnosis. Further work is required to provide a firm explanation for the apparently very high risk of breast cancer found during the first few months after BBD diagnosis.
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